This study re-examines the Wagner's law of public expenditure for six sub-Saharan African countries while relaxing the assumption of a symmetric adjustment process underlying standard cointegration tests and error-correction models. The empirical methodology uses threshold cointegration tests to establish that there is a long-run relationship between government expenditure and per capita GDP for five countries, with income being positively related to public spending. Furthermore, the results of asymmetric Granger-causality tests provide support for Wagner's law in the long run for five countries (Cameroon, Cote d'Ivoire, Ghana, Kenya, and Senegal), while the Keynesian view holds only in the short run for three countries (Benin, Cameroon, and Cote d'Ivoire). The short run evidence for two countries (Kenya and Senegal) support both Wagner's law and Keynesian view.
Introduction
The relationship between government expenditure and economic growth is a subject of debate in theoretical and empirical economic literature. Theoretically, two conventional views describe this relationship. First, the Wagner's law stresses that as a country develops, the share of public spending tends to rise to meet the increased protective, administrative and social functions of the state (Wagner, 1958) . This view suggests a unidirectional causality running from per capita income to government expenditure. On the other hand, the Keynesian view argues that increases in public spending stimulate economic growth, especially in times of recession (Keynes, 1936) . This line of though suggests that causality is running from public expenditure to per capita income.
An extensive empirical research has examined the validity of these two competing views. The empirical methodology made use of either the Engle-Granger method or the multivariate approach of Johansen and Juselius (1990) . Recently, there is a growing body of empirical studies using the bounds test developed by Pesaran et al. (2001) . The empirical evidence from this literature is however mixed and controversial across countries, data, model specifications and econometric techniques. While some studies (Ram, 1987; Ahsan et al., 1996; Cotsomitis et al., 1996; Thornton, 1999; Islam, 2001; Al-Faris, 2002; Chang, 2002; Aregbeyen, 2006; Srinivasan, 2013; Bayrak and Esen, 2014) found support for Wagner's Law, other studies (Ansari et al., 1997; Biswal et al., 1999; Ghali, 1999; Burney, 2002; Huang, 2006) reported results contradicting Wagner's law. Some other studies (Singh & Sahni, 1984; Ahsan et al., 1992; Afxentiou & Serletis, 1996; Sinha, 1998; Bagdigen & Cetintas, 2004; Dogan & Tang, 2006) showed no evidence for both propositions. Richter and Paparas (2013) used Greek data from 1833 to 2010 and provided evidence in favor of Wagner's law. On the contrary, Ogbonna (2015) reexamined the case of Greece using data for the period 1948-2010 and failed to find evidence supporting either Wagner's law or Keynesian hypothesis. Hassan et al. (2008) used the ARDL bounds test to provide strong support for Wagner's law in Turkey over the period 1950 -2005 . Bayrakdar et al. (2015 also confirmed the validity of Wagner's for Turkey over the period 1998 -2014 used cointegration and Granger causality tests and found mixed evidence in support of Wagner's law for Chinese provinces. Magazzino (2012) also found evidence in favor of Wagner's law in the case of Italy for the period 1960 . Narayan et al. (2012 found evidence of Wagner's law for 15 Indian states using panel techniques. Samadi and Abolhasan Belgi (2013) used recent developments in econometrics to examine the validity of Wagner law for a panel of Organization of Islamic Conference member states. Controlling for cross-sectional dependence, their A major limitation of most empirical works using cointegration tests is that they implicitly assume the adjustment process of the variables to be strictly symmetric. This assumption indicates that, regardless of a positive or negative equilibrium error, the adjustment speed remains identical. The state of the economy and whether or not economy is growing or decreasing does not matter. If government expenditure behaves differently when income is decreasing than when it is increasing, then standard cointegration techniques may not be accurate in characterizing the true relationship between government spending and economic growth. Balke and Fomby (1997) and Enders and Granger (1998) showed that the power of standard cointegration tests fall under an asymmetric adjustment process.
While empirical tests of Wagner's law have been extensive, no recent studies have considered asymmetry in testing this hypothesis for African countries. The main contribution of this paper is to reexamine the relationship between government expenditure and income by using nonlinear cointegration and asymmetric modeling. In particular, we employ the threshold autoregression approach developed by Enders and Granger (1998) and Enders and Siklos (2001) . These methods are suitable for testing whether public spending behaves asymmetrically over the business cycle. It is widely acknowledged that there is a very close connection between the budget and the business cycle through automatic fiscal stabilizers. To the extent that business is asymmetric, the change in public spending may also be asymmetric. Recent studies suggested the possibility that fiscal policy may have nonlinear growth effects, in the sense that both the size and the sign of the response of real variables to fiscal policy could be different depending on the initial conditions in which such policy is implemented (e.g. Bertola & Drazen, 1993; Giavazzi et al. 2000; Perotti, 1999) .
The remainder of the study is organized as follows. Section 2 presents the econometric methodology of the study. Section 3 analyses the empirical results. Finally, Section 4 provides summary and gives some policy implications.
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Econometric Methodology
The empirical analysis proceeds in three steps. First, we begin by testing for unit roots to ascertain the order of integration of the variables. Second, we test for possible cointegration between the variables. The third step determines the direction of causation among the variables. Wagner's law requires unidirectional causality running from income to public spending.
Unit Root Test
Standard unit root tests such as augmented Dickey-Fuller and Phillips and Perron (1988) are widely used to ascertain the order of integration of variables. However, these tests exhibit lower power in detecting non-linearity. Therefore, this study employs a newly developed test proposed by Kapetanios et al. (2003) (henceforth, KSS) to determine whether government expenditure and income are non-linear stationary. The KSS test is based on testing the presence of non-stationarity against non-linear but globally stationary exponential smooth transition autoregressive (ESTAR) process: 
The null hypothesis to be tested is then expressed as 
Threshold Cointegration
If the variables are I(1), we proceed with long-run relationship and cointegration tests. We employ the threshold cointegration approach proposed by Enders and Granger (1998) and Enders and Siklos (2001) . This approach is a residual-based two-stage estimation procedure. Following Engle and Granger (1998), the cointegration relation is estimated as follows:
where g is the natural logarithm of real per capita government expenditure and y is the natural logarithm of real per capita GDP. The residual term e is expected to be stationary.
The second stage tests for the stationarity of the residual term e using unit root tests. Pippenger and Goering (1993) , Balke and Fomby (1997) , Enders and Granger (1998) and Enders and Siklos (2001) showed that standard tests for unit-root and cointegration all exhibit low power in the presence of asymmetric adjustment towards the long-run relationship. If government spending behaves differently when income is decreasing than when it is increasing, then standard cointegration tests are no longer reliable. Enders and Granger (1998) and Enders and Siklos (2001) replace the standard ADF auxiliary regression with the following Threshold Autoregressive (TAR) process: 
Once Equation (4) is estimated, the null hypothesis ρ 1 = ρ 2 = 0 of no cointegration is tested through the F-statistic. However, the distribution of this statistics is not standard. The appropriate critical values are tabulated by Enders and Siklos (2001) . The rejection of ρ 1 = ρ 2 = 0 implies the existence of a cointegration relationship between the variables. This enables us to proceed with a further test for symmetric adjustment (ρ 1 = ρ 2 ) by using a standard F-test. Rejecting both the null hypotheses of ρ 1 = ρ 2 = 0 and ρ 1 = ρ 2 implies the existence of threshold ijef.ccsenet.org International Journal of Economics and Finance Vol. 9, No. 5; 2017 174 cointegration with asymmetric adjustment.
In most cases, the value of the threshold is unknown, and it has to be estimated along with ρ 1 and ρ 2 . To obtain a consistent estimate of the threshold, we follow a grid search procedure. Typically, the residual series is sorted into an increasing order. The central 80% of observations are then considered as potential thresholds. For each of these potential thresholds, Equation (4) is estimated by OLS and the consistent estimated threshold is found by selecting the value that minimises the sum of squared residuals.
Short-Run Dynamics and Granger-Causality
Under the assumption of threshold cointegration, the short-run dynamics of the series is examined with an asymmetric error correction model. In most studies applying threshold cointegration, only the speed of the adjustment to the long-run relationship changes with regimes, while the autoregressive coefficients remain constant. In this study, we relax this assumption, allowing the speed of the adjustment as well as the short-run dynamics to vary across regimes. Thus, our asymmetric error correction model is specified as follows: indicates symmetry in the long-run adjustment, and can be tested by using a standard F-test. On the other hand, short-run symmetry
can also be tested using a standard F-test. In the absence of short-run asymmetry, we estimate the following threshold error-correction model:
The short-run Granger causality tests are performed by testing whether all the coefficients of 
Data and Empirical Results
This study uses annual data on real per capita government expenditures (G) and real per capita GDP for a sample of six African countries: Benin, Cameroon, Cote d'Ivoire, Ghana, Kenya and Senegal. The GDP deflator was used to express data in constant 2005 US dollars. Meanwhile, the effect of population growth was removed by using per capita values. Data cover the period from 1965 to 2013 and were obtained from the World Development Indicators, available online. Data were also transformed into natural logarithms. Table 1 reports some descriptive statistics on the variables. The standard deviations of variables indicate significant fluctuations in per capita income and public spending over the time period under study. Also evident from the Table is the positive association between the two variables. However, correlation does not mean causality. Our goal in this study is to find out whether this positive association implies that higher government spending induces higher income or higher income leads to higher public spending. Table 2 . They show that all the variables are non-stationary in their level but become stationary after taking the first difference, except government spending (g) for Benin. Table 3 presents the results of the non-linear ESTAR stationary test of Kapetanios et al. (2003) , which provide similar evidence that the series are all integrated of order one or I (1), except the public spending variable for Benin. Note. g and y are the symbols for log of real per capita government expenditure and real per capita GDP, respectively. Note. g and y are the symbols for log of real per capita government expenditure and real per capita GDP, respectively. Critical values at the 5% level are -3.40 in level and -2.22 in first difference, and are taken from Kapetanios et al. (2003) .
Given the unit root tests results, we further test for threshold cointegration between the two variables. We estimate the long-run relationships and use the residuals to test for threshold cointegration. We exclude Benin from the cointegration analysis. For this country, government expenditure is mean-reverting in the long-run regardless of real income. For the rest of the countries, the results of the threshold tests are reported in Table 4 . The empirical evidence in this Table shows that the null of no cointegration (ρ 1 =ρ 2 =0) can be rejected for all countries, suggesting the existence of stationary long-run relationships between government spending and per capita income. In addition, the F-statistics reject the null hypothesis of symmetric adjustment (ρ 1 =ρ 2 ) in favor of asymmetric threshold adjustment toward the long run relationship. Note that the point estimates of ρ 1 and ρ 2 suggest substantially faster convergence for negative (below threshold) deviations from long run equilibrium than positive (above threshold) deviations, except for Cameroon and Ghana. For example, for Cote d'Ivoire, negative deviations from the long run relationship resulting from decreases in government spending or increases in income are eliminated at a rate of 91 percent per year, while positive deviations are eliminated at only 6.5 percent per year. Similarly, for Kenya, negative deviations from the long run relationship stemming from decreases in government spending or increases in income are eliminated much faster than positive deviations. In that sense, decreases in government spending and increases in real per capita GDP are reversed quickly whereas increases in government spending and decreases in real per capita GDP linger for a while for Cote d'Ivoire, Kenya and Senegal. On the other hand, for Cameroon and Ghana positive deviations from the long run relationship stemming from increases in government spending or decreases in real per capita income are eliminated relatively quickly. Having established cointegration between the variables as well as asymmetric adjustment in the long-run relationships, it is possible to estimate the asymmetric version of the standard error correction model. For Benin, where government expenditure is stationary, we estimate a dynamic model of the form:
The results of the Granger-causality tests are presented in Table 5 . The point estimates of the error correction terms for GDP are not significant for all countries. This indicates that real per capita GDP is weakly exogenous to the public spending. The results also suggest a long run unidirectional causal relationship running from per capita GDP to government expenditure in Cameroon, Cote d'Ivoire, Ghana, Kenya and Senegal. These findings favor Wagner's law.
With respect to the short-run causality, the F-statistics suggest that public expenditures cause per capita GDP in Benin, Cameroon and Cote d'Ivoire. There is evidence of short-run bidirectional causality between public expenditures and per capita GDP for Kenya and Senegal. Conversely, no short-run causal relationship exists between the two variables in Ghana. This finding suggests that the movements of government spending and per capita income do not have significant impacts upon each other in the short-run. Thus, the Keynesian view holds only in the short-run and not in the long-run. These findings suggest that restrictions on public spending limit the ability of the countries to use fiscal policy to stabilize their economies during recessions. Also, the growth in government spending is influenced by per capita economic growth. This link operates through tax revenues, since how much the government can increase its expenditures is determined by its revenues. Governments mobilize more tax revenues from growing economic activity to make up their spending. Our findings for Ghana and Kenya contradict with those provided by Ansari et al. (1997) and Frimpong and Oteng-Abayie (2009) . Ansari et al. (1997) found that in Ghana and Kenya there is no long run relationship between government expenditure and national income and that Wagner's law is supported only in the short-run for Ghana. The findings of Frimpong and Oteng-Abayie (2009) do support neither Wagner's hypothesis nor Keynesian view for these two countries.
Conclusion
Wagner's law of increasing government size has been the topic of a burgeoning empirical literature in the past few decades. A number of studies have used the Granger causality test to examine the causal relationship between government expenditure and national income. The evidence from these studies is inconclusive and controversial across countries and methodologies.
This study re-examined the validity of Wagner's law and its reverse for six sub-Saharan African countries over the period 1965 to 2013. It relaxed the implicit assumption of a symmetric adjustment process underlying conventional cointegration tests and allows the possibility of asymmetry in the relationship between public expenditure and economic growth. The empirical methodology used threshold cointegration and asymmetric Granger-causality tests. We found that there is a long-run cointegration relationship between government expenditure and per capita GDP for five countries, with per capita GDP positively related to public spending. In addition, the results of Granger-causality tests provide support for Wagner's law in the long-run for five countries (Cameroon, Cote d'Ivoire, Ghana, Kenya, and Senegal) whereas the Keynesian paradigm is confirmed only in the short-run for three countries (Benin, Cameroon, and Cote d'Ivoire). The short-run government expenditure movements in Kenya and Senegal are consistent with both Wagner's law and Keynesian doctrine.
The findings suggest that government spending can be used as a policy instrument to stimulate economic growth in the short-run. Therefore, restrictions on public spending limit the ability of the countries to use fiscal policy to stabilize their economies during recessions. This is particularly relevant for member countries of monetary unions, namely Benin, Cameroon, Cote d'Ivoire and Senegal.
The results presented in this paper provided the first evidence of asymmetric relationship between government expenditure and national income for a sample of sub-Saharan African countries. It has added to our understanding of the government spending-economic growth nexus and calls for the need to revise traditional linear specifications on Granger-causality.
